Introduction
The dibenzo [b,e] azepine ring is an important pharmacophore in drug discovery and many of its derivatives exhibit a broad spectrum of biological activities (Van der Burg et al., 1970; Brogden et al., 1978; Nickolson & Wieringa, 1981; Berger et al., 1989; De Boer et al., 1996; Roeder et al., 1998; André s et al., 2002; Wikströ m et al., 2002) . Consequently, a significant number of synthetic methods have been developed for the synthesis of new derivatives of this heterocyclic system (Moriconi & Maniscalco, 1972; Sasakura & Sugasawa, 1981; Stappers et al., 2002) . In this context, we have recently developed a simple and practical synthetic route for obtaining a novel series of 6,11-dihydrodibenzo[b,e]azepines from readily available 2-allyl-N-benzyl-substituted anilines (Palma et al., 2004 (Palma et al., , 2010 . To broaden the scope of this route, and in continuation of our research programme on the preparation of new potentially bioactive molecules containing the dihydrodibenzo [b,e] azepine nucleus, we have achieved a simple synthesis of three previously unknown 5-acetyl-11-ethyl-6,11-dihydro-5H-dibenzo[b,e] azepine-6-carboxylic acids. Here we report the molecular structures and supramolecular assembly of three closely related compounds, namely (6R*,11R*)-5-acetyl-11-ethyl-6,11-dihydro-5H-dibenzo [b,e] azepine-6-carboxylic acid, (I) (Fig. 1) , (6RS,11SR)-5-acetyl-11-ethyl-2-methyl-6,11-dihydro-5H-dibenzo [b,e] azepine-6-carboxylic acid, (II) (Fig. 2) , and (6RS,11SR)-5-acetyl-11-ethyl-1,3-dimethyl-6,11-dihydro-5H-dibenzo [b,e] azepine-6-carboxylic acid, (III) (Fig. 3) , the constitutions of which differ only in the presence of one methyl substituent in (II) and two in (III), while there are none in (I). The synthesis of compounds (I)-(III) was achieved by intramolecular Friedel-Crafts alkylation of the corresponding methyl 2-[N-(2-allylaryl)acetamido]-2-phenylacetates using concentrated sulfuric acid at 373 K (see Scheme).
Experimental

Synthesis and crystallization
For the synthesis of each of (I)-(III), a suspension of the appropriately substituted racemic methyl 2-[N-(2-allylaryl)-acetamido]-2-phenylacetate (see Scheme) (1.0 g) in concen- Computer programs: COLLECT (Nonius, 1998) , DIRAX/LSQ (Duisenberg et al., 2000) , EVALCCD (Duisenberg et al., 2003) , SHELXS97 (Sheldrick, 2008) , SHELXL97 (Sheldrick, 2008) , SIR2004 (Burla et al., 2005) and PLATON (Spek, 2009 ).
Figure 1
The molecular structure of the (6R,11R) enantiomer of (I), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
the final refinements. The value of the Flack x parameter (Flack, 1983) for (I) was indeterminate (Flack & Bernardinelli, 2000) ; accordingly, Friedel-equivalent reflections were merged prior to the final refinement. Examination of the refined structures using PLATON (Spek, 2009) showed the presence of two small cavities in the structure of (II), centred at ( , 0) and each of volume 24 Å 3 ; these cavities are far too small to contain any plausible solvent molecule but, nonetheless, the largest peak in the difference map, viz. 0.68 e Å À3 at (0.523, 0.482, 0.064), was very close to one of the cavities. However, application of the SQUEEZE procedure in PLATON revealed only one excess electron per cavity. Accordingly, we regard both the difference peak and the excess electron count as minor artefacts of the data.
Results and discussion
The molecules of (I)-(III) all contain two stereogenic centres at atoms C6 and C11 (Figs. 1-3) . In (I), the exocyclic substituents at atoms C6 and C11 have a cis arrangement relative to the azepine ring, while those in (II) and (III) have a trans arrangement. For each compound, the reference molecule was selected as one having the R configuration at atom C6. On this basis, the reference molecule of (I) has the R configuration at atom C11, while those of (II) and (III) have the S configuration at atom C11. Compounds (II) and (III) crystallize as racemic mixtures, as shown by the centrosymmetric space group, but (I) crystallizes in the Sohnke space group P2 1 . Hence, in the absence of twinning, for which no evidence was found, each crystal of (I) contains only one enantiomorph. It was not possible to determine the absolute configuration of the molecules in the crystal of (I) which was selected for data collection, and hence the configuration of the reference molecule was set to have the R configuration at atom C6, just as for (II) and (III).
Since the methyl 2-[N-(2-allylaryl)acetamido]-2-phenylacetates used as the precursors to (I)-(III) (see Scheme) are all racemic, the crystallization of (II) and (III) as racemic mixtures is unsurprising, and the method of synthesis makes it probable that (I) is formed in solution as a racemic mixture, which then crystallizes as a conglomerate rather than as a racemate. More problematic is the difference in relative configurations at atoms C6 and C11 between (I) on the one hand, where the configuration is (6R*,11R*), and (II) and (III) on the other, where the configuration is (6RS,11SR). Since the yields of the purified crystallized products are all significantly less than 50% (see Experimental), it is at least possible that the compounds may be formed as diastereoisomeric mixtures, and that the stereoisomers reported here are simply those which crystallized preferentially. However, it must be emphasized that there is no direct evidence on this point, and so this suggestion must be regarded as speculative.
Within the amide unit, the N5-C51 and C51-O51 distances ( Table 2) are typical of those found in N,N-disubstituted amides (Allen et al., 1987) , while the C-O distances in the carboxylic acid units are fully consistent with the locations of the carboxylic H atoms as found in difference maps. The remaining bond distances present no unusual values. In each of (I)-(III), the azepine ring adopts a conformation intermediate between the boat and twist-boat forms (Evans & Boeyens, 1989; Entrena et al., 1997) . For (II) and (III), the ring-puckering parameters (Cremer & Pople, 1975) are very similar (Table 2 ), but the extent of the ring puckering, as shown by the overall puckering amplitude Q, is somewhat larger in (I) than in (II) and (III). This may be associated with the cis stereochemistry at atoms C6 and C11 in (I), compared with the trans arrangement in (II) and (III). The orientation of the amide unit relative to the azepine ring is very similar in all three compounds, as shown by the values of the torsion angles C6-N5-C51-O51 and C6-N5-C51-C52 (Table 2, . By contrast, the orientation of the carboxylic acid unit varies widely, and this variation may be a consequence of the different hydrogen-bonding arrangements in the three structures. The conformations adopted by the ethyl group also vary widely, and since this substituent plays no part in the supramolecular assembly it seems likely that these conformations are determined by the methyl groups, based on atom C112 finding accommodation in whatever suitable spaces are available within the hydrogen-bonded structure. Accordingly, despite their very similar constitutions, (I)-(III) differ not only in the relative configurations at their two stereogenic centres, but also in their crystallization characteristics, i.e. as a conglomerate for (I) and as a racemate for each of (II) and (III), with Z values of 2, 4 and and 4, respectively, as well as in their molecular conformations. They also differ in their modes of supramolecular assembly, with the formation of a simple hydrogen-bonded chain in (II), a hydrogen-bonded sheet in (I) and a three-dimensional framework structure in (III). It is convenient to discuss the supramolecular assembly in the structures of (I)-(III) in the order of increasing complexity.
The O-HÁ Á ÁO hydrogen bond in compound (II) ( Table 3 ) links molecules related by a 2 1 screw axis along ( 1 2 , y, 3 4 ) into a C(7) (Bernstein et al., 1995) chain running parallel to the [010] direction. (Fig. 4) . The two shortest intermolecular C-HÁ Á ÁO contacts (Table 3) have HÁ Á ÁO distances not significantly less than the sum of the van der Waals radii for H and O (2.61 Å ; Bondi, 1964; Rowland & Taylor, 1996) . In any event, both contacts have fairly small C-HÁ Á ÁO angles (cf. Wood et al., 2009) , so that neither can be regarded as structurally significant. Two chains of this type, related to one another by inversion, pass through each unit cell but there are no direction-specific interactions between adjacent chains.
The supramolecular assembly in (I) and (III) can most readily be analysed in terms of a series of one-dimensional substructures (Ferguson et al., 1998a,b; Gregson et al., 2000) . In (I), molecules related by a 2 1 screw axis are similarly linked by an O-HÁ Á ÁO hydrogen bond to form a C (7) (101) (Fig. 5 ). The only other short intermolecular contact involves a low-acidity C-H bond from a methyl group and is thus unlikely to be structurally significant.
The molecules of (III) are linked into a three-dimensional framework structure by a combination of O-HÁ Á ÁO, C-HÁ Á ÁO and C-HÁ Á Á(arene) hydrogen bonds ( Table 3 ). The O-HÁ Á ÁO hydrogen bond links molecules related by an n-glide plane at y = 3 4 to form a C(7) chain running parallel to the [101] direction (Fig. 6) , and the C-HÁ Á ÁO hydrogen bond links molecules related by a 2 1 screw axis along ( It is thus striking that none of (I)-(III) exhibits the R Table 2 Selected geometric parameters (Å , ) for (I)-(III).
Ring-puckering parameters are calculated for the atom sequence N5-C4a-C11a-C11-C10a-C6a-C6.
Bond lengths and angles
Puckering parameters for seven-membered rings
44.93 (14) 23.01 (13) in an O-HÁ Á ÁO hydrogen bond, and it is of interest briefly to compare the substructures which can be identified in the supramolecular assemblies of (I)-(III). In each of the structures, a C(7) chain motif can be identified built from O-HÁ Á ÁO hydrogen bonds. However, as discussed above, these chains differ in that those in (I) and (II) contain molecules related by a 2 1 screw axis, whereas that in (III) contains molecules related by an n-glide plane. Similarly, sheets built from a combination of O-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds can be identified in the structures of (I) and (III) (Figs. 5 and 6). Both sheets exhibit (4,4) topology (Batten & Robson, 1998) . The ring sizes in the sheets in (I) and (III) differ, as do the numbers of hydrogen-bond acceptors within these rings, since in (I) amide atom O51 acts as a double acceptor of hydrogen bonds, unlike that in (III). However, within the sheet in (III) the constituent rings are centrosymmetric, while those in (I) are not centrosymmetric. Chain formation by means of O-HÁ Á ÁO hydrogen bonds has been extensively studied in keto acids, where the chain motif follows directly from the mutual disposition of the carboxyl and keto groups. Thus, -keto acids form C (7) chains (e.g. Thompson et al., 2004; Malak et al., 2006) , -keto acids form C(8) chains (e.g. Davison, Kikolski et al., 2004) and "-keto acids form C (9) chains (e.g. , while longer chain motifs are generated in steroidal keto acids (e.g. Kikolski et al., 2006) .
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Supporting information for this paper is available from the IUCr electronic archives (Reference: YF3057). A stereoview of part of the crystal structure of (I), showing the formation of a hydrogen-bonded (dashed lines) sheet parallel to (101). For the sake of clarity, H atoms not involved in the motifs shown have been omitted. A stereoview of part of the crystal structure of (III), showing the formation of a chain parallel to [100] built from C-HÁ Á Á(arene) hydrogen bonds (dashed lines). For the sake of clarity, H atoms not involved in the motif shown have been omitted. Table 3 Hydrogen bonds and short intermolecular contacts (Å , ) for (I)-(III).
Cg1 represents the centroid of the C1-C4/C4a/C11a ring. For all compounds, data collection: COLLECT (Nonius, 1998 ); cell refinement: DIRAX/LSQ (Duisenberg et al., 2000) ; data reduction: EVALCCD (Duisenberg et al., 2003) . Program(s) used to solve structure: SIR2004 (Burla et al., 2005) for (I), (II); SHELXS97 (Sheldrick, 2008) for (III). For all compounds, program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: PLATON (Spek, 2009) ; software used to prepare material for publication:
SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009) . Geometric parameters (Å, º) 
